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Abstract

As part of the Dungeness River and Matriotti Creek bacteria total maximum daily load (TMDL)
study, the Washington State Department of Ecology (Ecology) conducted a series of surveys in
1999-2000.  This interim report presents data collected during those surveys, including laboratory
and field water quality data and flow data from instantaneous flow measurements. 
A summary of the quality assurance and quality control analysis of the data is also provided. 
Ecology will use the data in this report to identify possible sources of bacteria to the shellfish
beds and to recommend TMDL pollutant limitations for the lower Dungeness River basin and
Matriotti Creek, to be published in a final report at a later date.

Background

In November 1999 Ecology began a year of monitoring as part of a water quality study of fecal
coliform bacteria in the lower Dungeness River.  The study area includes the lower Dungeness
River, Hurd Creek, Matriotti Creek, Meadowbrook Creek, and Meadowbrook Slough (Figure 1).
The purpose of the study is to:

1. Conduct a TMDL study for fecal coliform on Matriotti Creek.

2. Determine freshwater sources of fecal coliform that may be impacting Dungeness Bay.

In 1999 the Washington State Department of Health (DOH) reclassified a portion of Dungeness
Bay from Approved for shellfish harvesting to Prohibited.  The downgrade in classification is
due to high levels of fecal coliform bacteria in the bay, which no longer meets DOH National
Shellfish Sanitation Program water quality standards for an approved shellfish area.

Since late 1997 fecal coliform levels in Dungeness Bay have been increasing.  In response, the
Jamestown S’Klallam Tribe in cooperation with Clallam County began conducting water quality
monitoring of tributaries adjacent to the bay.  The monitoring program expanded to include more
sites and additional tributaries of the Dungeness River.  It became evident that poor water quality
in the bay was due to a number of water quality problems in the basin.  A comprehensive water
quality study of the area was needed.  In 1997 the Tribe and the Dungeness River Management
Team requested Ecology’s assistance with the study. 
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In addition, Ecology is required to conduct a TMDL study on Matriotti Creek, a tributary to the
lower Dungeness River.  In 1996 Matriotti Creek was placed on Washington’s 303(d) list of
impaired waters because of fecal coliform bacteria violations.  The 303(d) list (required by
section 303(d) of the federal Clean Water Act) is a list of waterbodies that are not meeting water
quality standards.  Ecology is required by the Clean Water Act to conduct a TMDL evaluation for
waterbodies on the 303(d) list.  The evaluation begins with a water quality technical study.

This report presents preliminary results for water quality sampling of the lower Dungeness River,
Matriotti Creek, Hurd Creek, and Meadowbrook Creek and Slough.  In the interest of
contributing to the Shellfish Closure Response Plan, Ecology is making this preliminary
information available. 

Study Area

The Dungeness River is located in the northeast corner of the Olympic Peninsula and is the major
freshwater tributary to Dungeness Bay.  The river is 32 miles long and drains 172,517 acres.  The
upper two-thirds of the watershed is national forest and national park.  The lower
13-mile stretch of river flows through mostly private land.  The Dungeness River emerges
through the foothills at about river mile (RM) 10 to the relatively flat Dungeness valley.  This
study focuses on the Dungeness River and its tributaries below RM 3.2 (north of the Highway
101 bridge).  Major tributaries in this stretch include Matriotti Creek and Hurd Creek.  This study
also includes Meadowbrook Creek, a small tributary that enters the bay to the east of the
Dungeness River.

Land uses in the study area include residential, commercial, agricultural, and livestock, including
a large animal park, the Olympic Game Farm, located near the mouth of Matriotti Creek.  With
increasing urbanization of the Sequim area, residential use is becoming a more predominant land
use.  While the city of Sequim is on sewer, residences and commercial establishments in the rural
areas are on on-site sewage treatment systems.  Matriotti, Hurd, and Meadowbrook creeks are
used as a conveyance for the irrigation system.

The area climate is mild, because the area lies in the rain shadow of the Olympic Mountains and
close to the Strait of Juan de Fuca and the Pacific Ocean.  Precipitation varies from 15 inches
near Sequim to 80 inches in the headwaters of the Dungeness River.  Due to the low rainfall the
lower Dungeness valley contains an extensive irrigation system to support agricultural crops in
the valley.  The irrigation land system begins with five diversions from the river between RM
11.1 and 6.7.  There are more than 97 miles of irrigation ditches, with approximately 11,000
acres irrigated.  Flows in both Matriotti and Meadowbrook Creeks are augmented as a result of
irrigation and ditch leakage, and directly from ditch tailwater and stormwater. 
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Methods

Field personnel from Ecology, Jamestown S’Klallam Tribe, and Clallam County collected water
quality data during a series of surveys.  Surveys were conducted on the following 18 dates:

�      November 16, 1999 �      May 10, 2000
�      December 7, 1999 �    June 6, 2000
�      December 21, 1999 �      June 19, 2000
�      January 3, 2000 �     July 6, 2000
�      January 26, 2000 �    July 17, 2000
�      February 2, 2000 �    August 9, 2000
�      February 23, 2000 �    August 29, 2000
�      March 14, 2000 �     September 19, 2000
�      April 24, 2000 �     October 9, 2000 

The study area was divided into two survey areas with a team of two people sampling all sites
within an area.  One survey area included the Meadowbrook Creek drainage, the Hurd Creek
drainage, and the Dungeness River sites; the other survey area included Matriotti Creek and
selected irrigation ditches west of Dungeness River.  Field instruments were used by each team to
collect pH, conductivity, dissolved oxygen, salinity, and temperature measurements.  Laboratory
parameters for each site are described in the Quality Assurance Project Plan (Sargeant, 1999),
and methods are shown in Tables 1a and b.

Table 1a.  Summary of field measurements, methods, and accuracy.

Parameter -
Field Measurements

Method Accuracy

  Velocity Current meter ± 0.1 f/s
  Specific conductivity Field meter ± 5%
  pH Field meter ± 0.2
  Temperature Red liquid thermometer ± 0.2 ºC
  Dissolved oxygen Winkler modified azide (EPA360.20

Field meter
± 0.1 mg/L
± 0.2 mg/L
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Table 1b.  Summary of laboratory measurements and methods.

Laboratory Parameters Method
Fecal coliform – membrane filter (MF) SM18 Membrane Filter 9222D
Fecal coliform – most probable number (MPN) SM18 MPN 9221E (A-1 medium)
E-coli – membrane filter EPA 1105
Turbidity EPA 180.1
Total persulfate nitrogen SM 4500 N C
Ammonia-nitrogen EPA 350.1
Nitrite/nitrate nitrogen EPA 353.2
Orthophosphate P EPA 365.1
Total phosphorus EPA 365.1

SM = Standard methods for the examination of waste and wastewater. Twentieth edition (1998). American Public
Health Association, American Water Works Association, and Water Environment Federation. Washington, D.C.

EPA = Methods for the chemical analysis of water and wastes. Environmental Monitoring Supply Laboratory.
U.S. Environmental Protection Agency. Cincinnati, OH. EPA-600/4-74-020. 1983.

On September 17, 2000 a tidal cycle monitoring study was conducted.  Hourly membrane filter
(MF) fecal coliform samples and field measurements were obtained at two Dungeness River
sites.  The upstream site was located at Dungeness RM 0.1 and the downstream site was located
in the marine environment just off the mouth of the Dungeness River.  At the upstream site a
stream gauge was installed to determine river height and fluctuations.  During sampling at both
sites, field measurements for conductivity, salinity, and temperature were obtained.

Data Quality

Laboratory data

Laboratory samples were analyzed according to quality assurance and quality control procedures
followed by Ecology's Manchester Environmental Laboratory (MEL) (Ecology, 1994).  All
general chemistry samples met holding time requirements.  Microbiology samples were analyzed
within 30 hours, which is standard procedure for MEL.  Microbiology samples were not analyzed
within the 6-hour window described in Standard Methods (APHA, 1992) because of the
logistical challenges in collecting and transporting samples within the given time frame.

MEL was used for laboratory analysis of turbidity, nutrients, fecal coliform (MF), E-coli, and
fecal coliform most probable number (MPN) analysis on December 21, 1999.  The DOH
laboratory in Seattle conducted all other MPN fecal coliform analysis following their standard
protocols.
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Duplicate field samples were used to estimate sampling precision, expressed as the coefficient of
variation (CV).  Duplicates are two field samples collected sequentially at the same site as close
as possible in time.  The percent CV is calculated by dividing the standard deviation by the mean
of the duplicate pairs, and multiplying by 100.  Field duplicates were collected for approximately
10% of all turbidity and nutrient samples, and 20% of all bacteria samples analyzed by MEL. 
Field duplicates were not obtained for DOH samples due to laboratory constraints.

Values below the detection limit were assumed to be the detection limit.  Laboratory replicates
were arithmetically averaged.

Precision for bacteria field duplicate results should not exceed 50% CV.  At levels close to the
method detection limit (less than 50 cfu/100 mL), a CV greater than 50% is acceptable.

The arithmetic average percent CV for bacterial results is presented in Table 2.  Of 99 duplicate
fecal coliform samples, 11 duplicates had a CV of greater than 50%.  Of these 11, 10 duplicates
had results of < 50 cfu/100 mL.  Of concern is one fecal coliform sample and duplicate obtained
on August 29, 2000 on the Dungeness River at Schoolhouse Road Bridge with a CV of 78%. 
The results were 130 and 450 cfu/100 mL.  These values will be used with caution due to low
precision.  Fecal coliform duplicates obtained from other sites that day had an acceptable CV.

Table 2.  Field precision for bacteria sampling.

Average %
CV for values

≤ 50 cfu/100 mL

Average %
CV for values

> 50 cfu/100 mL

Average %
CV for all

values
Fecal coliform 29% 15% 23%
E. coli 37% 15% 26%

For E-coli: of 52 duplicate pairs, 10 had a CV of greater that 50%.  All 10 had one or both values
below 50 cfu/100mL.

For all other parameters, precision for field duplicate measurements should not exceed 20% CV
for results above the reporting limit.  For results close to the reporting limit a higher CV may be
acceptable.  Table 3 presents average CV for nutrients and turbidity.

Table 3.  Field precision for nutrient and turbidity sampling.

Number of
samples

Average %
CV for values

Turbidity 18 9.0 %
Ammonia-nitrogen 17 10.3 %
Nitrite/Nitrate-nitrogen 17 2.2 %
Total Persulfate nitrogen 17 4.3 %
Ortho-phosphate 17 4.0 %
Total phosphorus 17 5.6 %
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On November 16, 1999 turbidity and ammonia-nitrogen duplicates at the mouth of
Meadowbrook Creek had a high CV of 50% and 36% respectively.  At the time of sampling,
salinity was high (27 ppt) indicating mixing with marine water.  This mixing could produce high
spatial variability, which may account for the differences in turbidity and ammonia-nitrogen
duplicate values. 

An ortho-phosphate (OP) blank was run with filtered distilled water at the end of every field
sample day, except August 29 and October 9, 2000.  Results are expected to be below detection
limits for the field blank.  Results were higher than detection limits on December 7, 1999
(0.008 mg/L OP), April 24, 2000 (0.089 mg/L OP), and July 6, 2000 (0.009 mg/L OP).  For
December 7, 1999 and July 6, 2000 results were close to detection limits, and OP results for
these dates are acceptable.  Due to the high blank result for OP on April 24, 2000, results for this
day are qualified as an estimate.

Other than the exceptions noted above, all data are acceptable for use without qualification.  Data
variability will be taken into consideration in using the data for modeling and other analysis, and
interpreting results.

Field data

Field instruments were calibrated according to manufacturer's instructions.  The pH meters were
pre- and post-checked against known standards.  The dissolved oxygen meter was checked using
the Winkler titration method at Ecology's headquarters laboratory in Lacey.  Conductivity
readings were compared with laboratory conductivity.

pH meter readings from the Matriotti survey area met pre- or post-check requirements
(± 0.2 standard pH units) for all surveys except December 21, 1999, and June 6, July 17,
August 29, and October 9, 2000.  On February 2, 2000 the meter was recalibrated and
functioning after 10:45 a.m.  For the Meadowbrook/Dungeness River survey area pH pre- or
post-checks did not meet requirements or the meter was not functioning on January 3 and 26,
February 2 and 23, June 6 and 19, August 29, and September 19, 2000.  Data were rejected for
these dates.

Field conductivity was compared with laboratory conductivity for values below 1000 umhos/cm.
The average CV is 8%, with values ranging from 0 to 23%.  On December 21, 1999, and
June 19, July 6 and 17, 2000 the conductivity meter for the Meadowbrook/Dungeness River
survey area was not functioning properly.  Data were rejected for these dates.

In Matriotti Creek a field meter was used to measure dissolved oxygen on June 6 and 19, and
July 6 and 17, 2000.  Field data compared favorably to the Winkler titrations for the Matriotti
Creek sample area on June 6 and July 6, 2000.  Data quality was unacceptable for the other areas
and dates.  Because the data quality from the meters was unpredictable, the method used for
determining dissolved oxygen concentration was changed to Winkler titration after July 17 on
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the Matriotti side and after July 6 on the Meadowbrook/Hurd and Dungeness side.  Duplicate
field samples were used to estimate sampling precision for the Winkler analysis; results were
good with a CV of < 1%.

Several methods were used to determine flow discharge: instantaneous flow measurements,
timed fill of a measured container, and flow estimate from the flow discharge-rating curve. 
Instantaneous flow measurements are the most accurate.  Timed filling of a measured container
tends to underestimate flow, because it is difficult to capture all the flow from the channel in a
container.

Data Results

All data collected in this study are presented in Appendix A.  In the data tables some results are
qualified with symbols or codes.  These symbols commonly referred to as qualifiers contain
important information about that result.  A list of data qualifiers is included in Appendix B.

Additional Reports

The Shellfish Closure Response Committee is currently working on a Closure Response Plan for
Dungeness Bay.  The plan contains recommendations to control bacterial sources that impact
Dungeness Bay.  Due to their need for information, Ecology will provide an analysis of possible
sources of bacteria in the study area by February 28, 2001.

In addition to the TMDL study, the Jamestown S'Klallam Tribe is completing a circulation study
of Dungeness Bay.  The results of this study are due out by March 2001.  Ecology has also
recently completed a year of continuous flow monitoring on the Dungeness River at Schoolhouse
Road Bridge and at the mouth of Matriotti Creek.  Information from these two efforts will be
incorporated in the final TMDL report. 
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Appendix A

Water Quality Data
(paired results indicate field duplicates)



Table A-2.  Dungeness River - p.1

Station Date Time Temp pH Salinity Winkler
Name in °C std units ppt D.O.

Field Lab mg/L
Dungeness River at Woodcock Road Bridge (Right and Left Bank) 
DR 3.2 RB 11/16/99 11:14 7.8 7.5 99 4 2 15.5
DR 3.2 LB 11/16/99 11:10 4 1 22
DR 3.2 RB 12/7/99 12:45 6.0 8.6 102 118 1 U NAF 5.0
DR 3.2 LB 12/7/99 12:35 6.0 8.3 102 1 U NAF 5.1
DR 3.2 RB 12/21/99 12:45 5.6 8.0 * 120 2 5 2 5 8.4
DR 3.2 LB 12/21/99 13:00 5.6 7.9 * 120 1 1 9.5
DR 3.2 RB 1/3/00 10:35 * 120 5 5 0.6
DR 3.2 LB 1/3/00 10:45 3.6 * 121 1 U NAF 3.3
DR 3.2 RB 1/26/00 12:05 4.3 * 115 1 U 1U NAF NAF 2.1
DR 3.2 LB 1/26/00 12:15 4.4 * 117 1 1 U 2.4
DR 3.2 RB 2/2/00 11:15 4.6 * 100 4 4 29
DR 3.2 LB 2/2/00 11:20 4.4 * 102 6 6 29
DR 3.2 RB 2/23/00 10:35 3.8 * 155 1 1 6.7
DR 3.2 LB 2/23/00 10:38 3.8 * 142 2 1 U 7.1
DR 3.2 RB 3/14/00 10:30 4.9 6.9 138 2 2 2.8
DR 3.2 LB 3/14/00 10:40 4.9 7.0 161 1 1 1 U 1 2.7
DR 3.2 RB 4/24/00 9:10 7.4 6.7 103 4 3 1.0
DR 3.2 LB 4/24/00 9:20 4.9 6.9 139 5 5 2.0
DR 3.2 RB 5/10/00 8:25 7.8 7.7 149 138 38 12 38 12 1 U 1 U
DR 3.2 LB 5/10/00 8:20 6.7 7.4 164 49 37 3.7
DR 3.2 RB 6/6/00 11:25 9.0 * 95 6 6 10
DR 3.2 LB 6/6/00 11:05 8.6 * 107 11.7 6 8 5 8 14
DR 3.2 RB 6/19/00 14:20 10.9 * * 86 9 7 8 6 7.8 8
DR 3.2 LB 6/19/00 14:00 10.2 * * 5 5 13
DR 3.2 RB 7/6/00 16:25 12.6 8.1 * 113 5 3 1.0
DR 3.2 LB 7/6/00 16:15 12.9 8.7 * 105 4 1 2.5
DR 3.2 RB 7/17/00 13:50 14.6 7.8 * 115 8.9 42 42 0.7
DR 3.2 LB 7/17/00 13:45 14.3 8.0 * 101 10.3 4 4 2.7
DR 3.2 RB 8/9/00 8:10 11.8 7.6 120 117 8.1 16 0.6
DR 3.2 LB 8/9/00 8:00 11.7 7.7 112 10.0 25 1.6
DR 3.2 RB 8/29/00 14:20 12.9 * 115 9.0 3 0.5
DR 3.2 LB 8/29/00 14:15 12.9 * 165 10.8 10 0.7
DR 3.2 RB 9/19/00 11:50 12.5 * 121 125 8.7 14 1.1
DR 3.2 LB 9/19/00 11:50 12.5 * 122 11.0 3 0.5 U
DR 3.2 RB 10/9/00 13:55 9.8 6.9 142 180 J 0.7
DR 3.2 LB 10/9/00 14:05 10.3 7.3 152 9 0.7

Conductivity
umho/cm #/100 mL

FC-mf Turbidity
NTU

FC-MPN
#/100mL

E-coli
#/100mL
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Table A-5.  Irrigation Ditches - page 1

Station Date Time Temp Salinity FC-MPN
Name in °C ppt #/100 mL

Golden Sands Ditch, south side of road.
GOLDSAND 12/7/99 11:20 6.0 5 FNP 110
GOLDSAND 12/21/99 9:10 7 FNP 49
GOLDSAND 1/26/00 10:20 6.0 30 FNP 33
GOLDSAND 2/2/00 7:58 8.0 28 FNP 79
GOLDSAND 3/14/00 11:30 10.0 28 FNP 4.5
GOLDSAND 4/24/00 13:30 16.2 11 FNP 240
GOLDSAND 5/10/00 11:35 12.5 20 FNP 350
GOLDSAND 6/6/00 14:20 16.0 25 FNP 540
GOLDSAND 6/19/00 8:40 12.7 13 FNP 540
GOLDSAND 7/6/00 10:10 15.7 24 FNP **
GOLDSAND 7/17/00 10:00 20.0 26 FNP 130
GOLDSAND 8/9/00 12:10 20.5 25 FNP 170
GOLDSAND 8/29/00 11:30 FNP 33
GOLDSAND 9/19/00 9:12 15.7 22 FNP 170
GOLDSAND 10/9/00 10:30 13.3 FNP 170
Irrigation ditch at 495 Marine Drive Road, south side of road.
IRR1 6/6/00 17:24 12.6 < 0.1 IF 92 80
IRR1 6/19/00 8:50 13.4 0.5 IF 320
IRR1 7/6/00 16:08 19.8 0.4 BF 200
IRR1 7/17/00 14:10 17.5 0.2 BF 110
IRR1 8/9/00 13:15 15.8 0.3 BF 150
IRR1 8/29/00 13:57 14.6 0.2 BF 160 92
IRR1 9/19/00 DD
IRR1 10/9/00 DD
Irrigation ditch on beach close to 182 Marine Drive Road.
IRR2 6/6/00 17:05 13.2 0.06 BF 100
IRR2 6/19/00 9:05 13.3 0.2 BF 33 27
IRR2 7/6/00 16:28 15.3 0.001 BF 39
IRR2 7/17/00 DD
IRR2 8/9/00 13:30 17.0 0.006 BF 560 J
IRR2 8/29/00 DD
IRR2 9/19/00 DD
IRR2 10/9/00 9:05 12.3 0.01 BF 1300 J
Irrigation ditch on east Lotzgazell Road, east side of road.
LOTZRDIT 6/6/00 15:45 11.7 0.7 IF 200
LOTZRDIT 6/19/00 9:20 12.7 0.5 IF 60
LOTZRDIT 7/6/00 16:34 15.9 0.09 BF 35
LOTZRDIT 7/17/00 14:05 20.0 0.1 BF 24
LOTZRDIT 8/9/00 13:05 18.4 0.1 BF 150 J 160
LOTZRDIT 8/29/00 13:50 15.0 0.3 BF 170
LOTZRDIT 9/19/00 13:54 18.5 0.04 BF 100
LOTZRDIT 10/9/00 DD
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Table A-5.  Irrigation Ditches - page 2

Station Date Time Temp Salinity FC-MPN
Name in °C ppt #/100 mL

Fascola Road Irrigation Ditch, Dungeness District
HCDIT 4/24/00 9:50 FND 59
HCDIT 5/10/00 11:40 FND 150 J
HCDIT 6/6/00 10:35 9.6 1.2 IF 230 210
HCDIT 6/19/00 13:45 12.9 FND 51
HCDIT 7/6/00 15:25 13.8 0.9 IF 56
HCDIT 7/17/00 12:55 13.0 1.7 IF 110
HCDIT 8/9/00 8:30 12.7 1.0 IF 250
HCDIT 8/29/00 13:30 12.4 1.0 IF 160
HCDIT 9/19/00 12:10 14.0 0.3 IF 69

fr
es

hw
at

er

FC-mf
#/100 mL

Flow - cfs
   results  method
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Appendix B

Data Qualifiers

Laboratory Data Qualifiers
U Indicates that the analyte was not detected at or above the reporting limit.
E This result is an estimate.  The ortho-phosphate blank was not within acceptable

quality assurance requirements.
J This result is an estimate.  For bacteria, true value may be greater than or equal

to the reported results.  For total phosphorus, the sample was brackish and
considerable matrix effects were observed.

NAF Not analyzed for.  These plates had no growth on the fecal plates; therefore,
they were not processed for E. coli

** Most probable number fecal coliform analysis not done.

Field Data Qualifiers
* pH, conductivity, and D.O. did not meet quality control requirements or meter

was not functioning.
RB Right bank
LB Left bank
& Not enough water to do flows.

DD No water in ditch.
FNP Flows not possible due to tidal influence.
FND Flows not done.

IF Flows were calculated using instantaneous flow measurements.  Flows are
calculated to one decimal place due to the method.

BF Flows were calculated by averaging 3 readings from a timing device and a
measured container (i.e., 5-gallon bucket or a 500-mL container).  These data
should be used with caution.  Timed filling of a measured container tends to
underestimate flow because it is difficult to capture all the flow from the
channel in a container.  Flows are calculated to one significant figure due to the
method.

e Flows were estimated using a flow discharge-rating curve.  The correlation
coefficient was good with an r2=0.70-0.99.

ea Flows were estimated using a flow discharge-rating curve.  The correlation
coefficient was moderate to weak with an r2=0.50-0.69.  Use these data with
caution.





Appendix C

List of Acronyms

°C degrees Centigrade

cfs cubic feet per second

cfu colony forming units

CV coefficient of variation

DO dissolved oxygen

DOH Washington State Department of Health

FC fecal coliform

LB left bank

MEL Ecology's Manchester Environmental Laboratory

MF membrane filter

mg/L milligrams per liter

mL milliliters

MPN most probable number

NH3-N ammonia nitrogen

OP ortho-phosphate

ppt parts per thousand

QA/QC quality assurance / quality control

RB right bank

TMDL total maximum daily load study

umhos/cm micromhos per centimeter

#/100 mL number of colonies per 100 mL
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